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(54) Optical disc, device for checking optical disc, and device for recording information on 
optical disc 

(57) An optical disc has a sequence of pits which ex- 
tends along a track, The pit sequence represents a re- 
corded signal divided into data blocks. The pit sequence 
includes a normal pit train and an unusual pit train. The 
normal pit train is symmetrical with respect to a center of 
the track. The unusual pit train is different from the nor- 
mal pit train in at least one of shape and pit arrangement. 
The unusual pit train is at a position having a predeter- 
mined relation with the data blocks. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

This invention relates to an optical disc such as a 
CD-ROM (a Compact Disc read-only memory) which is 
designed to prevent illegally copying of information (for 
example, information of a television game or a computer 
game) recorded thereon. Further, this invention relates 
to a device for checking an optical disc to determine 
whether or not the optical disc contains illegal copy in- 
formation. Moreover, this invention relates to a device for 
recording information on such an optical disc. 

Description of the Prior Art 

A CD-ROM or the like is manufactured according to 
the published standards such as ISO 9660 standards es- 
tablished by International Standard Organization. To pre- 
vent illegally copying of information from a legitimate op- 
tical disc in conformity with the standards, a copy protec- 
tion code is preliminarily recorded on the optical disc. 
Thus, an optical disc containing such a copy protection 
code is judged to be legitimate. On the other hand, an 
optical disc lacking a copy protection code is judged to 
be illegal. 

The effect of such a copy protection method is lim- 
ited for the following reason. When all information on a 
legitimate optical disc is copied and transferred to anoth- 
er optical disc (a second optical disc), the second optical 
disc can also be used as a legitimate optical disc. 

A Mini-Disc (MD) uses another copy protection tech- 
nique called a serial copy management system (SCMS). 
The SCMS employs a copy protection code related to 
the permissibility of copying data. To prevent data re- 
corded on an MD from being digitally copied twice or 
more, the SCMS refers to the copy protection code. Spe- 
cifically, the copy protection code is preliminary written 
in a TOC (total-of-contents) area of the MD. 

According to the SCMS, if the copy protection code 
in a first MD indicates the absence of a requirement for 
protection, copying data or information from the first MD 
toa second MD is permitted. During the copying process, 
the copy protection code indicating the presence of a re- 
quirement for protection is written into a TOC area of the 
second MD. On the other hand, if the copy protection 
code in a first MD indicates the presence of a require- 
ment for protection, copying data or information from the 
first MD to a second MD is inhibited. 

The effect of the copy protection method based on 
the SCMS is limited for the following reason. When all 
information on a legitimate MD is copied and transferred 
to another MD (a second MD), the second MD can also 
be used as a legitimate MD. 



SUMMARY OF THE INVENTION 

It is a first object of this invention to provide an im- 
proved optical disc. 
5 It is a second object of this invention to provide an 
improved device for checking an optical disc to deter- 
mine whether or not the optical disc contains illegal copy 
information. 

It is a third object of this invention to provide an im- 
10 proved device for recording information on an optical 
disc. 

A first aspect of this invention provides an optical 
disc having a sequence of pits which extends along a 
track, the pit sequence representing a recorded signal 
is divided into data blocks, the pit sequence including a nor- 
mal pit train and an unusual pit train, the normal pit train 
being symmetrical with respect to a center of the track, 
the unusual pit train being different from the normal pit 
train in at least one of shape and pit arrangement, the 
unusual pit train being at a position having a predeter- 
mined relation with the data blocks. 

A second aspect of this invention is based on the 
first aspect thereof, and provides an optical disc wherein 
the unusual pit train represents a wobbling signal super- 
imposed on a tracking error signal. 

A third aspect of this invention is based on the first 
aspect thereof, and provides an optical disc wherein the 
unusual pit train causes a variation in symmetry of an RF 
signal. 

A fourth aspect of this invention is based on the first 
aspect thereof, and provides an optical disc wherein the 
unusual pit train causes a variation in a signal represent- 
ing a light amount. 

A fifth aspect of this invention is based on the second 
aspect thereof, and provides an optical disc wherein the 
wobbling signal represented by the unusual pit train is of 
a burst shape. 

A sixth aspect of this invention provides an optical 
disc having a sequence of pits which extends along a 
track, the pit sequence representing a recorded signal 
divided into data blocks, the pit sequence including nor- 
mal pit trains and unusual pit trains, the normal pit trains 
being symmetrical with respect to a center of the track, 
the unusual pit trains being different from the normal pit 
trains in at least one of shape and pit arrangement, the 
unusual pit trains being at positions having a predeter- 
mined relation with the data blocks, the unusual pit trains 
being spaced at intervals. 

A seventh aspect of this invention provides a device 
for checking an optical disc which comprises first means 
for reproducing a signal from the optical disc; second 
means connected to the first means for detecting wheth- 
er or not an unusual pit train is present in the optical disc 
by referring to the signal reproduced by the first means, 
the unusual pit train being different from a normal pit train 
in at least one of shape and pit arrangement, the normal 
pit train being symmetrical with respect to a track center; 
and third means connected to the second means for 
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judging whether the optical disc is legitimate or illegal in 
response to a result of the detecting by the second 
means. 

An eighth aspect of this invention provides a device 
for recording information on an optical disc which com- s 
prises first means for emitting a first laser light beam; 
second means for generating a gate signal synchronized 
with data block units of an information signal; third means 
connected to the first means and the second means for 
converting a first laser light beam into a second laser light 
beam in response to the information signal and the gate 
signal; and fourth means connected to the third means 
for providing a sequence of pits in the optical disc in re- 
sponse to the second laser light beam; wherein the third 
means comprises means for modulating an intensity of 
the first laser light beam in response to the information 
signal, and means for changing the first laser light beam 
in response to the gate signal to cause the fourth means 
to provide an unusual pit train in the optical disc, the un- 
usual bit train being different from a normal pit train in at 
least one of shape and pit arrangement, the normal pit 
train being symmetrical with respect to a track center. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1(A) is a diagram of a sequence of pits in an 
optical disc according to a first embodiment of this inven- 
tion. 

Fig. 1 (B) is a time-domain diagram of a tracking error 
signal which is generated during the scanning of the pit 
sequence in Fig. 1 (A). 

Fig. 2(A) is a time-domain diagram of a frame 
number. 

Fig. 2(B) is a time-domain diagram of a control signal 
generated in a recording device in the first embodiment. 

Fig. 2(C) is a time-domain diagram of a gate signal 
generated in the recording device in the first embodi- 
ment. 

Fig. 2(D) is a time-domain diagram of a train of pits 
in the first embodiment. 

Fig. 2(E) is a time-domain diagram of a tracking error 
signal which is generated during the scanning of the pit 
train in Fig. 2(D). 

Fig. 3 is a diagram of the frequency spectrums of a 
tracking error signal and a wobbling signal in the first em- 
bodiment. 

Fig. 4 is a block diagram of a reproduction device in 
the first embodiment. 

Fig. 5 is a block diagram of a burst tracking error 
detection circuit in Fig. 4. 

Figs. 6(A), 6(B), 6(C), 6(D), and 6(E) are time-do- 
main diagrams of a frame number and signals in the 
burst tracking error detection circuit of Fig. 5. 

Fig. 7(A) is a time-domain diagram of a frame 
number. 

Fig. 7(B) is a time-domain diagram of a tracking error 
signal in connection with the frame number in Fig. 7(A). 
Fig. 7(C) is a time-domain diagram of a burst track- 



ing error signal generated by the burst tracking error de- 
tection circuit in Figs. 4 and 5. 

Fig. 7(D) is a time-domain diagram of a frame 
number recognized by a microcomputer in Fig. 4. 

Fig. 7(E) is a diagram of timings of the start of given 
processes in the microcomputer in Fig. 4. 

Fig. 8 is a flowchart of a segment of a program for 
controlling the microcomputer in Fig. 4. 

Fig. 9 is a block diagram of a recording device in the 
first embodiment. 

Figs. 10(A), 10(B), and 10(C) are diagrams of trains 
of pits in an optical disc according to a second embodi- 
ment ol this invention. 

Fig. 1 1 is a diagram of the waveform of an RF signal 
which is generated during the reproduction of informa- 
tion from the normal 50%-duty pit train of Fig. 10(B). 

Fig. 1 2(A) is a time-domain diagram of trains ol nor- 
mal pits, thick and thin pits. 

Fig. 12(B) is a time-domain diagram of RF signals 
and related slicing levels which are generated during the 
scanning of the pit trains in Fig. 12(A). 

Fig. 1 3 is a block diagram of a reproduction device 
in the second embodiment. 

Fig. 14 is a block diagram of an RF symmetry vari- 
ation detecting circuit in Fig. 1 3. 

Fig. 1 5(A) is a time-domain diagram of a slicing level 
and upper and lower limits in the RF symmetry variation 
detecting circuit of Fig. 14. 

Figs. 15(B) and 15(C) are time-domain diagrams of 
signals in the RF symmetry variation detecting circuit of 
Fig. 14. 

Fig. 16 is a block diagram of a recording device in 
the second embodiment. 

Fig. 17(A) is a time-domain diagram of a frame 
number. 

Fig. 17(B) is a time-domain diagram of a control sig- 
nal generated in the recording device of Fig. 1 6. 

Fig. 17(C) is a time-domain diagram of a gate signal 
generated in the recording device of Fig. 16. 

Fig. 17(D) is a diagram of a sequence of pits in the 
second embodiment. 

Fig. 17(E) is a time-domain diagram of an RF signal 
which is generated during the scanning of the pit se- 
quence in Fig. 17(D). 

Fig. 17(F) is a time-domain diagram of a detection 
signal generated in the reproduction device of Fig. 13 in 
response to the RF signal of Fig. 17(E). 

Fig. 18(A) is a diagram of a sequence of pits in an 
optical disc according to a third embodiment of this in- 
vention. 

Fig. 18(B) is a time-domain diagram of a signal re- 
produced from the pit sequence of Fig. 18(A). 

Fig. 19 is a block diagram of a reproduction device 
in the third embodiment. 

Fig. 20 is a block diagram of a VAL detecting circuit 
in Fig. 19. 

Fig. 21 is a block diagram of a recording device in 
the third embodiment. 
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Fig. 22(A) is a time-domain diagram of a frame 
number. 

Fig. 22(B) is a time-domain diagram of a control sig- 
nal generated in the recording device of Fig. 21 . 

Fig. 22(C) is a time-domain diagram of a gate signal 
generated in the recording device of Fig. 21 . 

Fig. 22(D) is a diagram of a sequence of pits in the 
third embodiment. 

Fig. 22(E) is a time-domain diagram of an RF signal 
which is generated during the scanning of the pit se- 
quence in Fig. 22(D). 

Fig. 22(F) is a time-domain diagram of a detection 
signal generated in the reproduction device of Fig. 19 in 
response to the RF signal of Fig. 22(E). 

Fig. 23(A) is a diagram of a sequence of pits in an 
optical disc according to a fourth embodiment of this in- 
vention. 

Fig. 23(B) is a time-domain diagram of a tracking er- 
ror signal which is generated during the scanning of the 
pit sequence in Fig. 23(A). 

Fig. 24(A) is a time-domain diagram of a frame 
number. 

Fig. 24(B) is a time-domain diagram of a control sig- 
nal generated in the fourth embodiment. 

Fig. 24(C) is a time-domain diagram of a gate signal 
generated in the fourth embodiment. 

Fig. 24(D) is a diagram of a sequence of pits in the 
fourth embodiment. 

Fig. 24(E) is a time-domain diagram of a tracking er- 
ror signal which is generated during the scanning of the 
pit sequence in Fig. 24(D).- 

Fig. 24(F) is a time-domain diagram of a detection 
signal generated in response to the tracking error signal 
of Fig. 24(E). 

Fig. 25(A) is a diagram of a sequence of pits in the 
fourth embodiment. 

Fig. 25(B) is a time-domain diagram of an EFM sig- 
nal corresponding to the pit sequence in Fig. 25(A). 

Fig. 25(C) is a time-domain diagram of an unusual 
pit signal generated in response to the EFM signal of Fig. 
25(B). 

Fig. 26 is a block diagram of a recording device in 
the fourth embodiment. 

Fig. 27(A) is a diagram of a sequence of pits in an 
optical disc according to a fifth embodiment of this inven- 
tion. 

Fig. 27(B) is a time-domain diagram of a tracking er- 
ror signal which is generated during the scanning of the 
pit sequence in Fig. 27(A). 

Fig. 27(C) is a time-domain diagram of a wobbling 
signal generated in connection with the pit sequence of 
Fig. 27(A). 

Fig. 28(A) is a time-domain diagram of a frame 
number. 

Fig. 28(B) is a time-domain diagram of a control sig- 
nal generated in the fifth embodiment. 

Fig. 28(C) is a time-domain diagram of a gate signal 
generated in the fifth embodiment. 



Fig. 28(D) is a diagram of a sequence of pits in the 
fifth embodiment. 

Fig. 28(E) is a time-domain diagram of a tracking er- 
ror signal which is generated during the scanning of the 
s pit sequence in Fig. 28(D). 

Fig. 28(F) is a time-domain diagram of a detection 
signal generated in response to the tracking error signal 
of Fig. 28(E). 

Fig. 29 is a block diagram of a recording device in 
the fifth embodiment. 

Fig. 30(A) is a time-domain diagram of a frame 
number. 

Figs. 30(B), 30(C), 30(D), 30(E), 30(F), and 30(G) 
are time-domain diagrams of the arrangements of irreg- 
ular pit trains (unusual pit trains) and normal pit trains 
according to embodiments of this invention. 

Fig. 30(H) is atime-domain diagram of a pulse signal 
synchronized with a frame. 

Figs. 30(l) and 30(J) are time-domain diagrams of 
the arrangements of irregular pit trains (unusual pit 
trains) and normal pit trains according to embodiments 
of this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

First Embodiment 

1. Optical Disc 

As shown in Fig. 1 (A), an optical disc has a se- 
quence or an arrangement of pits which extends along 
a track partially exhibiting a radial wobble. In other words, 
the optical disc has normal pits as well as wobbling pits 
(irregular pits or unusual pits). The pit arrangement of 
Fig. 1 (A) includes a normal pit train and an irregular pit 
train (a wobbling pit train or an unusual pit train) at a 
left-hand side and a right-hand side of the drawing re- 
spectively. The normal pit train consists of normal pits. 
The irregular pit train consists of wobbling pits (irregular 
pits or unusual pits). When the pit sequence of Fig. 1(A) 
is scanned, a resultant tracking error signal TE has a 
waveform shown in Fig. 1(B). A pit arrangement in a 
lefthand region of Fig. 1(A) is similar to an ordinary pit 
arrangement or a normal pit arrangement in a CD. 
Namely, the central line of the arrangement of the pits of 
the left-hand region in Fig. 1 (A) is coincident with the cen- 
tral line of a related track. On the other hand, the central 
line of the arrangement of irregular pits (wobbling pits) 
in a right-hand region of Fig. 1 (A) deviates from a virtual 
central line of a related track. Specifically, the centers of 
the irregular pits (the wobbling pits) wobble with respect 
to the virtual central line of the track. 

An optical pickup head applies three light beam 
spots to the optical disc. The three light beam spots in- 
clude a main beam spot BS2 and side beam spots BS1 
and BS3 (see Fig. 1(A)). The side beam spots BS1 and 
BS3 are radially offset from the main beam spot BS2 in 
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opposite directions respectively. The tracking error sig- 
nal TE is generated on the basis of the difference be- 
tween the amounts of reflected light which relate to the 
side beam spots BS1 and BS3 respectively. 

During the scanning of ordinarily arranged pits (see $ 
the lefthand region of Fig. 1 (A)) by the three beam spots 
BS1 , BS2, and BS3, the amounts of reflected light relat- 
ed to the side beam spots BS1 and BS3 are substantially 
equal to each other. Therefore, in this case, the level of 
the resultant tracking error signal TE is substantially null 
(that is, "0"). 

During the scanning of wobbling pits (see the 
right-hand region of Fig. 1 (A)) by the three beam spots 
BS1\ BS2', and BS3', the amounts of reflected light re- 
lated to the side beam spots BS1 ' and BS3' are different 
from each other. Therefore, in this case, the level of the 
resultant tracking error signal TE varies from the null lev- 
el in accordance with a change in the radial distance from 
the virtual central line of the track to each of the pits: 
Therefore, during the scanning of wobbling pits, a wob- 
bling signal is superimposed upon the resultant tracking 
error signal TE. In other words, during the scanning of 
wobbling pits, the resultant tracking error signal TE has 
wobbling components depending on the configuration of 
the wobbling pits. It should be noted that the radial dis- 
tance from the virtual central line of the track to each of 
the pits is also referred to as the deviation amount. 

As understood from the previous description, the for- 
mation of wobbling pits on an optical disc causes the re- 
cording of a wobbling signal on the optical disc. Such a 
wobbling signal is periodically and intermittently record- 
ed on a predetermined track or tracks on a legitimate op- 
tical disc in data-block units. During the reproduction of 
information from such a track region of an optical disc, if 
a wobbling signal is generated in synchronism with every 
data block, the optical disc can be judged to be legiti- 
mate. If not, the optical disc can be judged to be illegal. 

In view of the prevention of a seeking error and a 
data error, the deviation amount (that is, the radial dis- 
tance between the wobbling pit and the virtual central 
line of the track) is prelerably equal to or smaller than 
about 2% of a track pitch. Furthermore, the deviation 
amount (that is, the radial distance between the wobbling 
pit and the virtual central line of the track) is preferably 
equal to or smaller than about 5% of the pit width in the 
radial direction. 

Fig. 2(D) shows an example of the train of opti- 
cal-disc pits including normal pits and irregular pits (wob- 
bling pits or unusual pits). On an optical disc : there are 
groups each having successive irregular pits and each 
forming a wobbling track segment. As shown in Fig. 2 
(D), the irregular pit groups are intermittently arranged 
in a burst manner. The arrangement of the irregular pit 
groups is in logic units of a related track. For example, 
the arrangement of the irregular pit groups has a given 
relation with frames of the track (see Fig. 2(A)). Specifi- 
cally, the irregular pit groups are in even-numbered 
frames respectively while normal pits occupy odd-num- 



bered frames. During the reproduction of information 
from the optical disc, a resultant tracking error signal TE 
has a waveform of Fig. 2(E). As shown in Fig. 2(E), a 
wobbling signal is periodically caused in the tracking er- 
ror signal TE by each of the irregular pit groups (see Fig. 
2(D)). 

The frequency of a wobbling signal caused by irreg- 
ular pits (wobbling pits or unusual pits) will be described 
hereinbelow by referring to Fig. 3. When data is repro- 
duced from an ordinary optical disc by an optical pickup 
head using three light beams, the spectrum of a resultant 
tracking error signal TE has record signal components 
denoted by a solid curve GA in Fig. 3. The level of the 
record signal components increase or decrease at a pe- 
riod determined by the distance between side beam 
spots BS1 and BS3 (see Fig. 1(A)), The record signal 
components are noises with respect to a wobbling signal. 
Thus, at points A and C in Fig. 3 where the level of the 
record signal components peaks, it is difficult to attain a 
good C/N (a good carrier-to-noise ratio) for a wobbling 
signal as indicated by curves GB and GC in Fig. 3. On 
the other hand, at a point B in Fig. 3 where the level of 
the record signal components' dips, it is possible to attain 
a good C/N for a wobbling signal as indicated by a curve 
GD in Fig. 3. The frequency of the wobbling signal is pref- 
erably chosen to correspond to a point (for example, the 
point B in Fig. 3) at which the level of the record signal 
components dips. 

In optical disc portions having data of "0" (for in- 
stance, read- in and read-out zones), the level of record 
signal components is relatively low as denoted by a dot- 
ted curve GE in Fig. 3. Accordingly, in such portions, it 
is possible to attain a good C/N for a wobbling signal. 
Thus, it is preferable that an optical disc portion having 
data of "0" (for instance, the read-in zone or the read-out 
zone) is formed with irregular pits causing wobbling sig- 
nals. 

2. Reproduction Device 

With reference to Fig. 4, a device for reproducing 
information from an optical disc 30 includes an optical 
pickup head 32 which is followed by an RF processing 
circuit 34 and a servo processing circuit 36. The RF 
processing circuit 34 is followed by a signal processing 
circuit 38. The signal processing circuit 38 is connected 
to a microcomputer 40. The servo processing circuit 36 
is followed by a burst tracking error detection circuit 42. 
The servo processing circuit 36 is connected to the signal 
processing circuit 38. The burst tracking error detection 
circuit 42 is connected to the microcomputer 40. 

A signal read out from the optical disc 30 by the op- 
tical pickup head 32 is fed to the RF processing circuit 
34 and the servo processing circuit 36. The RF process- 
ing circuit 34 derives an RF signal from the output signal 
of the optical disc 30, and feeds the RF signal to the sig- 
nal processing circuit 38. The signal processing circuit 
38 generates sub-code information and frame informa- 
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tion from the RF signal, and outputs the sub-code infor- 
mation and the frame information to the microcomputer 
40. 

The servo processing circuit 36 has a tracking error 
signal detector by which a deviation or an error in track- 
ing is detected from the output signal of the optical pickup 
head 32 as a tracking error signal TE. The servo process- 
ing circuit 36 outputs the tracking error signal TE to the 
burst tracking error detection circuit 42. The burst track- 
ing error detection circuit 42 extracts a burst signal from 
the tracking error signal TE, and generates a digital sig- 
nal representing the extracted burst signal. The burst 
tracking error detection circuit 42 outputs the burst-rep- 
resenting digital signal to the microcomputer 40. 

As shown in Fig. 5, the burst tracking error detection 
circuit 42 includes a band pass filter 42 A, a rectifier circuit 
42B, a reference output circuit 42C, and a comparator 
42D. The band pass filter 42A receives the tracking error 
signal TE from the servo processing circuit 36 (see Fig. 
4). The band pass filter 42A is followed by the rectifier 
circuit 42B. The output terminal of the rectifier circuit 42B 
is connected to a first input terminal of the comparator 
42D. The output terminal of the reference output circuit 
42C is connected to a second input terminal of the com- 
parator 42D. The comparator 42 D outputs the burst-rep- 
resenting digital signal to the microcomputer 40 (see Fig. 
4). 

The band pass filter 42 A is tuned to the frequency 
of a wobbling signal. Specifically, the pass band charac- 
teristics of the filter 42A are designed in a trapezoid as 
shown by doted lines GF in Fig. 3. The central frequency 
of the pass band of the filter 42A agrees with the frequen- 
cy point B in Fig. 3, The pass band of the filter 42A may 
be of an inverted notch configuration. 

As shown in Figs. 6(A) and 6(B), the tracking error 
signal TE outputted from the servo processing circuit 36 
has a burst caused by an irregular pit group present in 
an even-numbered frame. The tracking error signal TE 
is fed to the burst tracking error detection circuit 42. In 
the burst tracking error detection circuit 42, the band 
pass filter 42A selects only wobbling-signal-frequency 
components of the tracking error signal TE. Accordingly, 
noise is removed from the tracking error signal TE, and 
the output signal of the band pass filter 42A has a wave- 
form shown in Fig. 6(C). 

The rectifier circuit 42 B in the burst tracking error de- 
tection circuit 42 rectifies the output signal of the band 
pass filter 42A, thereby generating and outputting a sig- 
nal representing the envelope of the output signal of the 
band pass filter 42A. The output signal of the rectifier 42B 
has a waveform shown in Fig. 6(D). The comparator 42D 
receives the output signal of the rectifier circuit 42B. The 
comparator 42D also receives the output signal of the 
reference output circuit 42C which represents a prede- 
termined reference voltage VTH (see Fig. 6(D)). The de- 
vice 42D compares the envelope-representing signal 
and the reference voltage VTH, thereby converting the 
envelope-representing signal into a corresponding digit- 



al signal. As shown in Fig. 6(E), the digital signal gener- 
ated by the comparator 42D assumes a logic value of 
"H" in the presence of a burst, and assumes a logic value 
of "L" in the absence of a burst. The burst-representing 

5 digital signal is outputted from the comparator 42D to the 
microcomputer 40. 

A wobbling signal is recorded in every other frame 
of the optical disc 30. Specifically, a wobbling signal is 
recorded in every even -numbered frame but is absent 

io from every odd-numbered frame. Therefore, as shown 
in Figs. 7(A) and 7(B), the tracking error signal TE out- 
putted from the serve processing circuit 36 has a burst 
during a time corresponding to every even-numbered 
frame. In addition, as shown in Figs. 7(A) and 7(C), the 

*5 burst-representing digital signal (the burst tracking error 
signal) outputted from the burst tracking error detection 
circuit 42 changes to and remains at a logic value of "H" 
during a time corresponding to every even-numbered 
frame. 

20 The microcomputer 40 receives information of the 
frame number (see Fig. 7(D)) from the signal processing 
circuit 38. The microcomputer 40 receives the burst-rep- 
resenting digital signal or the burst tracking error signal 
(see Fig. 7(C)) from the burst tracking error detection cir- 

2S cuit 42. The microcomputer 40 samples the information 
of the frame number at a timing QA in Fig. 7(E), and then 
recognizes the frame number at a a subsequent timing 
QB in Fig. 7(E). At a timing QC in Fig. 7(E) which follows 
the timing QB by a given interval, the microcomputer 40 

30 reads or samples the burst tracking error signal. When 
the read burst tracking error signal indicates the pres- 
ence of a wobbling signal and the recognized frame 
number agrees with an even-numbered frame, the mi- 
crocomputer 40 executes counting. When the read burst 

35 tracking error signal indicates the absence of a wobbling 
signal and the recognized frame number agrees with an 
odd-numbered frame, the microcomputer 40 also exe- 
cutes counting. Otherwise, the microcomputer 40 does 
not execute counting. During intervals different from the 

40 periods QA, QB, and QC in Fig. 7(E), the microcomputer 
40 executes other processing. 

The reproduction device has a disc drive for an op- 
tical disc 30. The disc drive is connected to the micro- 
computer 40 so that the disc drive can be controlled 

45 thereby in a known manner. 

The microcomputer 40 includes a combination of an 
input/output port, a CPU, a ROM, and a RAM. The mi- 
crocomputer 40 operates in accordance with a program 
stored in the ROM. The program has a segment for 

so checking or determining whether an optical disc 30 is il- 
legal or legitimate. Fig. 8 is a flowchart of this program 
segment. The program segment of Fig. 8 is started when 
a power supply (not shown) in the reproduction device 
is turned on. 

55 with reference to Fig. 8, a first step S1 of the pro- 
gram segment decides whether or not an optical disc 30 
is set in the disc drive within the reproduction device ac- 
cording to a known way. When the optical disc 30 is set 



yC\D: <EP 0703576A1_I_> 



6 



11 



EP 0 703 576 A1 



12 



in the disc drive, the program advances from the step S1 
to a step S2. Otherwise, the step S1 is repeated. 

The step S2 reads information from a TOC area of 
the optical disc 30 in a known way. A step S3 following 
the step S2 decides whether the optical disc 30 is a data s 
storage (a DA such as a CD) or a CD-ROM by referring 
to the TOC area information. When the optical disc 30 is 
a data storage, the program advances from the step S3 
to a block S4 for executing ordinary audio reproduction. 
When the optical disc 30 is a CD-ROM, the program ad- io 
vances from the step S3 to a step S5. 

The step S5 executes a process of seeking a pre- 
determined track segment (a predetermined address) in 
which irregular pits or wobbling pits are formed. It should 
be noted that information of the predetermined track seg- is 
ment is preliminarily stored in the ROM within the micro- 
computer 40. A step S6 following the step S5 initializes 
or clears variables corresponding to counters (counter 
values). After the step S6, the program advances to a 
step S7. 20 

The step S7 reads the frame information by referring 
to the output signal of the signal processing circuit 38. A 
step SB following the step S7 reads the burst tracking 
error signal (the burst-representing digital signal) output- 
ted from the burst tracking error detection circuit 42. A 25 
step S9 following the step S8 decides whether a current 
frame is an even-numbered frame or an odd-numbered 
frame by referring to the frame information. When the 
current frame is an even-numbered frame , the program 
advances from the step S9 to a step S1 0. When the cur- 30 
rent frame is an odd-numbered frame, the program ad- 
vances Irom the step S9 to a step S1 2. 

The step S1 0 decides whether or not a burst (a wob- 
bling signal) is present by referring to the burst tracking 
error signal. When a burst is present, the program ad- 35 
vances from the step S10 to a step S11. Otherwise, the 
program jumps from the step S10toastepS14. The step 
S11 increments a counter value for even-numbered 
frames by "1". After the step S11 , the program advances 
to the step S1 4. 40 

The step S1 2 decides whether or not a burst (a wob- 
bling signal) is present by referring to the burst tracking 
error signal. When a burst is absent, the program ad- 
vances from the step S12 to a step S13. When a burst 
is present, the program jumps from the step S12 to the 45 
step S14. The step S1 3 increments a counter value for 
odd-numbered frames by "1 After the step S1 3, the pro- 
gram advances to the step SI 4. 

The step S14 decides whether or not a predeter- 
mined number of frames have been read. When a pre- so 
determined number of frames have been read, the pro- 
gram advances from the step S14 to a step S15. Other- 
wise, the program returns Irom the step S1 4 to the step 
S7. 

The step S15 compares the counter value for 55 
even-numbered frames with a predetermined number. 
When the counter value for even-numbered frames is 
equal to or greater than the predetermined number, the 



program advances from the step S15 to a step S16. Oth- 
erwise, the program advances from the step S15 to a 
stepS18. 

The step S16 compares the counter value for 
odd-numbered frames with the predetermined number. 
When the counter value for odd-numbered frames is 
equal to or greater than the predetermined number, the 
program advances from the step S1 6 to a step S17. Oth- 
erwise, the program advances from the step S16 to the 
stepS 18. 

The step S17 judges the optical disc 30 to be legiti- 
mate. For example, the step S17 sets a given flag to a 
state indicating that the present optical disc 30 agrees 
with a legitimate disc. The step S1 7 is followed by a block 
S21 for executing ordinary reproduction of information 
from the CD-ROM. 

The step S1 8 judges the optical disc 30 to be illegal. 
For example, the step SI 8 sets the given flag to a state 
indicating that the present optical disc 30 agrees with an 
illegal copy disc. The step S18 is fol towed by a block S1 9 
for stopping the optical disc 30. A step S20 following the 
step S19 ejects the optical disc 30 from the disc drive. 
After the step S20, the program returns to the step S1. 

A legitimate optical disc has only one zone (one 
track segment) in which irregular pit groups or wobbling 
pit groups are periodically and intermittently formed. Al- 
ternatively a legitimate optical disc may have two or 
more separate zones (two or more separate track seg- 
ments) in which irregular pit groups or wobbling pit 
groups are periodically and intermittently formed. 

In the case of a legitimate optical disc having plural 
separate track segments (plural separate zones) in 
which wobbling pit groups are periodically and intermit- 
tently formed, information of a table containing address- 
es of the wobbling-pit-added track segments may be pre- 
liminarily stored in a predetermined area of the disc. In 
this case, the reproduction device seeks a track on the 
predetermined area and then reads out the addresses 
of the wobbling-pit-added track segments from the table. 
Thereafter, the reproduction device accesses the wob- 
bling-pit-added track segments by referring to the ad- 
dresses thereof. The reproduction device serves to de- 
tect wobbling signals while accessing the wob- 
bling-pit-added track segments. 

3. Recording Device 

With reference to Fig. 9, a recording device (a mas- 
tering machine) includes an EFM encoder 50 which is 
followed by an optical modulator driver 52 and a 
sub-code reader 56. The optical modulator driver 52 is 
electrically connected to an optical modulator 54. The 
sub-code reader 56 is connected to a CPU 58 and a gate 
signal generator 60. The CPU 58 is connected to the gate 
signal generator 60. The gate signal generator 60 is suc- 
cessively followed by a frequency generator 62 and an 
optical deflector driver 64. The optical deflector driver 64 
is electrically connected to an optical deflector 66. 
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The recording device of Fig. 9 includes a laser os- 
cillator 68 which is successively followed by the optical 
modulator 54, the optical deflector 66, and an objective 
lens 70. A master disc 72 is set in a place exposed to a 
light beam outputted from the objective lens 70. s 

Digital data representing, for example, software for 
a television game or a computer game, is inputted into 
the EFM encoder 50, being encoded thereby into an 
EFM signal. The EFM encoder 50 outputs the EFM sig- 
nal to the optical modulator driver 52 and the sub-code 10 
reader 56. The optical modulator driver 52 generates a 
drive signal for the optical modulator 54 in response to 
the EFM signal. The optical modulator driver 52 outputs 
the drive signal to the optical modulator 54. 

The sub-code reader 56 extracts a sub-code signal is 
from the EFM signal. The sub-code reader 56 outputs 
the sub-code signal to the CPU 58 and the gate signal 
generator 60. The CPU 58 continuously monitors ad- 
dress information in the sub-code signal. The CPU 58 
outputs a control signal pulse to the gate signal generator 20 
60 when a current address represented by the address 
information moves into agreement with a predetermined 
address at which a copy protection code (a wobbling sig- 
nal) should be recorded. The output signal of the CPU 
58 has a waveform such as shown in Fig. 2(B). 25 

The gate signal generator 60 produces a gate signal 
in response to the sub-code signal and the control signal 
pulse. The produced gate signal is synchronized with a 
sub-code frame. The produced gate signal has a wave- 
form such as shown in Fig. 2(C). The gate signal corre- 30 
sponds to a copy protection code. As shown in Figs. 2 
(A) and 2(C), the gate signal is of a logic value of "H" 
during every even-numbered sub-code frame. The gate 
signal is of a logic value of "L" during every odd-num- 
bered sub-code frame. It should be noted that the gate 3S 
signal may be of a logic value of "H" and a logic value of 
°L a during every odd-numbered sub-code frame and 
every even-numbered sub-code frame respectively. The 
gate signal generator 60 outputs the gate signal to the 
frequency generator 62. 40 

The frequency generator 62 outputs a sinusoi- 
dal-waveform signal when the gate signal is TT, that is, 
when the present sub-code frame is even-numbered. 
The sinusoidal-waveform signal has a predetermined 
fixed frequency. On the other hand, the frequency gen- *s 
erator 62 does not output such a signal when the gate 
signal is "V, that is, when the present sub-code frame is 
odd-numbered. Therefore, the output signal of the fre- 
quency generator 62 constitutes a burst -shaped wob- 
bling signal synchronized with the sub-code frame. The so 
frequency generator 62 feeds the wobbling signal to the 
optical deflector driver 64. The optical deflector driver 64 
generates a drive signal for the optical deflector 66 in 
response to the wobbling signal. The optical deflector 
driver 64 outputs the drive signal to the optical deflector ss 
66. 

The laser oscillator 68 continuously applies a laser 
light beam La to the optical modulator 54. The laser light 



beam La passes through the optical modulator 54 while 
being intensity-modulated thereby in response to the 
drive signal fed from the optical modulator driver 52. 
Thus, the optical modulator 54 converts the laser light 
beam La into a second laser light beam (a modulation -re- 
sultant laser light beam) Lb. The second laser light beam 
Lb is propagated from the optical modulator 54 to the 
optical deflector 66. The second laser light beam Lb 
passes through the optical deflector 66 while being de- 
flected thereby in response to the drive signal fed from 
the optical deflector driver 64. Thus, the optical deflector 
66 converts the second laser light beam Lb into a third 
laser light beam (a deflection -resultant laser light beam) 
Lc. 

The third laser light beam Lc is propagated from the 
optical deflector 66 to the objective lens 70. The third la- 
ser light beam Lc passes through the objective lens 70 
before being focused thereby into a spot on the master 
disc 72. The beam spot forms pits in the master disc 72 
while the master disc 72 is rotated by a suitable drive 
device (not shown). The optical deflector 66 causes the 
position of the beam spot on the master disc 72 to be 
radially deviated from a virtual central line of a related 
track in response to the drive signal fed from the optical 
deflector driver 64. Since the drive signal fed to the op- 
tical deflector 66 depends on the wobbling signal, the po- 
sition of the beam spot on the master disc 72 is radially 
deviated from the virtual central line of the related track. 
As a result, irregular pits or wobbling pits are formed in 
the master disc 72 as shown in Fig. 1 (A). 

Second Embodiment 

1. Optical Disc 

An optical disc has a sequence or train of pits which 
extends along a track. Fig. 1 0(A) shows an example of 
an unusual pit train having a duty factor smaller than 
50%. Fig. 10(B) shows an example of a normal pit train 
having a duty factor of 50%. Fig. 1 0(C) shows an exam- 
ple of an unusual pit train having a duty factor greater 
than 50%. 

An RF signal waveform shown in Fig. 11 results from 
the reproduction of information from the normal 50%-du- 
ty pit train of Fig. 10(B). The RF signal waveform of Fig. 
1 1 is symmetrical with respect to the horizontally-extend- 
ing center line thereof. A slicing level is centered at the 
RF signal waveform of Fig. 11 . In Fig. 1 1 , the slicing level 
extends through the centers of hatched rhombic portions 
of the RF signal waveform which are referred to as 
"eyes 0 . 

The unusual pit train of Fig. 10(A) results from sub- 
jecting a record signal to duty-factor correction. The 
length in the horizontal direction (namely, in the tangen- 
tial direction) of each pit of Fig. 10(A) is smaller than that 
of each pit of Fig. 10(B) by twice a value M a'. When in- 
formation is reproduced from the unusual pit train of Fig. 
10(A), the waveform symmetry of the resultant RF signal 
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is lost and the slicing level is shifted upward in Fig. 11 . 

The unusual pit train of Fig. 10(C) results from sub- 
jecting a record signal to duty -factor correction. The 
length in the horizontal direction (namely, in the tangen- 
tial direction) of each pit of Fig. 1 0(C) is greater than that s 
of each pit of Fig. 10(B) by twice a value °b n . When in- 
formation is reproduced from the unusual pit train of Fig. 
10(C), the waveform symmetry of the resultant RF signal 
is lost and the slicing level is shifted downward in Fig. 1 1 . 

As understood from the previous description, the 
slicing level moves up and down or zigzags in accord- 
ance with a variation in the duty factor of the pit train. 
Generally, unusual pit trains of Fig. 10(A) or 10(C) and 
normal pit trains of Fig. 1 0(B) are alternately arranged in 
a given zone (a given track segment) of the optical disc 
so that the slicing level will periodically change during 
the reproduction of information from the given zone. 

Fig. 12(A) shows other examples of the train of pits 
which cause changes in the slicing level for the RF sig- 
nal. In Fig. 12(A), the width in the radial direction of each 
unusual pit, which is denoted by dotted curves, is made 
larger or smaller than the corresponding width of each 
normal pit denoted by solid curves. Fig. 12(B) illustrates 
the waveforms of RF signals generated by reproducing 
information from the pits in Fig. 12(A). Specifically, the 
RF signal corresponding to a normal pit has a waveform 
as denoted by a curve GH in Fig. 1 2(B) : and relates to a 
slicing level SL1. In the case of a thick pit (an unusual 
pit) greater in radial width than a normal pit, the reflect- 
ance is relatively large and thus the modulation factor is 
also relatively great. Accordingly, the RF signal corre- 
sponding to the thick pit has a waveform denoted by a 
curve Gl in Fig. 1 2(B), and the related slicing level drops 
to SL2. In the case of a thin pit (an unusual pit) smaller 
in radial width than a normal pit, the reflectance and the 
modulation factor are relatively small. Accordingly, the 
RF signal corresponding to the thin pit has a waveform 
denoted by a curve GJ in Fig. 12(B), and the related slic- 
ing level moves upward. Generally, groups of unusual 
pits (thick pits or thin pits) and groups of normal pits are 
alternately arranged in a given zone of the optical disc 
so that the slicing level will periodically change during 
the reproduction of information from the given zone. 

2. Reproduction Device 

Fig. 1 3 shows a reproduction device which is similar 
to the reproduction device of Fig. 4 except that an RF 
symmetry variation detecting circuit 80 replaces the 
burst tracking error detection circuit 42 (see Fig. 4). The 
RF symmetry variation detecting circuit 80 is connected 
between an RF processing circuit 34 and a microcom- 
puter 40. The RF symmetry variation detecting circuit 80 
receives an RF signal from the RF processing circuit 34, 
and detects the variation in symmetry of the slicing level 
thereof. The RF symmetry variation detecting circuit 80 
feeds the microcomputer 40 with a detection signal rep- 
resenting a result of the detection. 



As shown in Fig. 14, the RF symmetry variation de- 
tecting circuit 80 includes an automatic slicing circuit 
80A, a reference output circuit 80B, a comparator 80C, 
and a monostable multivibrator 80D. The automatic slic- 
ing circuit 80A receives an RF signal from the RF 
processing circuit 34 (see Fig. 13). The output terminal 
of the automatic slicing circuit 80A is connected to a first 
input terminal of the comparator 80C. The output termi- 
nal of the reference output circuit 80B is connected to a 
second input terminal of the comparator 80C. The com- 
parator 80C is followed by the monostable multivibrator 
80D. The output terminal of the monostable multivibrator 
80D is connected to the microcomputer 40 (see Fig. 1 3). 

During the reproduction of information from an unu- 
sual pit train, eyes in the waveform of the RF signal out- 
putted from the RF processing circuit 34 are displaced 
upward or downward from normal positions. The slicing 
level related to the RF signal varies accordingly. Fig. 15 
(A) illustrates an example of a variation in the slicing lev- 
el. The automatic slicing circuit 80A detects such a var- 
iation, and generates a signal representing the slicing 
level. The automatic slicing circuit 80A outputs the slicing 
level signal to the comparator 80C. 

The comparator 80C receives the output signals of 
the reference output circuit 80B which represent prede- 
termined upper and lower limits SLL1 and SLL2 (see Fig. 
15(A)). The comparator 80C compares the slicing level 
with the upper and lower limits SLL1 and SLL2, gener- 
ating and outputting a slicing level variation signal. As 
shown in Figs. 15(A) and 15(B), the slicing level variation 
signal is "H" when the slicing level is higher than the up- 
per limit SLL1 or smaller than the lower limit SLL2. The 
slicing level variation signal is "L" when the slicing level 
is between the upper limit SLL1 and the lower limit SLL2. 
The comparator 80C outputs the slicing level variation 
signal to the monostable multivibrator 80D. 

The monostable multivibrator 80D is triggered by a 
change of the slicing level variation signal Irom "L" to "H", 
outputting an "H° pulse as shown in Fig. 1 5(C). The mon- 
ostable multivibrator 80 D has a predetermined time con- 
stant "t" determining the duration of the output "H" pulse. 
The monostable multivibrator 80D is ol the retriggerable 
type. The output signal of the monostable multivibrator 
80D constitutes a signal representative of a symmetry 
variation. The symmetry variation signal is "IT when in- 
formation is reproduced from the unusual pit train. The 
symmetry variation signal is "L" when information is re- 
produced from a train of normal pits. The monostable 
multivibrator 80D outputs the symmetry variation signal 
to the microcomputer 40. 

The microcomputer 40 responds to the symmetry 
variation signal instead of the burst tracking error signal. 
At the timing QC in Fig. 7(E) which follows the timing QB 
by the given interval, the microcomputer 40 reads or 
samples the symmetry variation signal. The step S8 in 
Fig. 8 is modified to read the symmetry variation signal. 
Furthermore, the steps S10 and S12 in Fig. 8 are modi- 
fied to decide whether or not a symmetry variation is 
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present by referring to the symmetry variation signal, 

A practical example of the automatic slicing circuit 
80A is an IC "TC9263F" manufactured by Toshiba Cor- 
poration which is capable of outputting a signal indicating 
the slicing level. 

3. Recording Device 

With reference to Fig. 1 6, a recording device (a mas- 
tering machine) includes an EFM encoder 50 which is 
followed by a sub-code reader 56 and a duty-factor cor- 
rection unit 82. The sub-code reader 56 is connected to 
a CPU 58 and a gate signal generator 60. The CPU 58 
is connected to the gate signal generator 60. The gate 
signal generator 60 is connected to the duty-factor cor- 
rection unit 82. The duty-factor correction unit 82 is con- 
nected to an optical modulator driver 52. The optical 
modulator driver 52 is electrically connected to an optical 
modulator 54. 

The recording device of Fig. 1 6 includes a laser os- 
cillator 68 which is successively followed by the optical 
modulator 54 and an objective lens 70. A master disc 72 
is set in a place exposed to a light beam outputted from 
the objective lens 70. 

Digital data representing, for example, software for 
a television game or a computer game, is inputted into 
the EFM encoder 50, being encoded thereby into an 
EFM signal. The EFM encoder 50 outputs the EFM sig- 
nal to the sub-code reader 56 and the duty -factor correc- 
tion unit 82. The sub-code reader 56 extracts a sub-code 
signal from the EFM signal. The sub-code reader 56 out- 
puts the sub-code signal to the CPU 58 and the gate sig- 
nal generator 60. The CPU 58 continuously monitors ad- 
dress information in the sub-code signal. The CPU 58 
outputs a control signal pulse to the gate signal generator 
60 when a current address represented by the address 
information moves into agreement with a predetermined 
address at which a copy protection code (a symmetry 
variation signal) should be recorded. The output signal 
of the CPU 58 has a waveform such as shown in Fig. 17 
(B). 

The gate signal generator 60 produces a gate signal 
in response to the sub-code signal and the control signal 
pulse. The produced gate signal is synchronized with a 
sub-code frame. The produced gate signal has a wave- 
form such as shown in Fig. 17(C). The gate signal cor- 
responds to a copy protection code. As shown in Figs. 
17(A) and 17(C), the gate signal is of a logic value of "H" 
during every even-numbered sub-code frame. The gate 
signal is of a logic value of "L" during every odd-num- 
bered sub-code frame. It should be noted that the gate 
signal may be of a logic value of "H" and a logic value of 
"L" during every odd-numbered sub-code frame and 
every even-numbered sub-code frame respectively. The 
gate signal generator 60 outputs the gate signal to the 
duty-factor correction unit 82. 

The duty-factor correction unit 82 subjects the EFM 
signal to given duty-factor correction when the gate sig- 
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nal is "H", that is, when the present sub-code frame is 
even-numbered. The duty-factor correction is designed 
to change the duty factor from 50%. The duty-factor cor- 
rection unit 82 outputs the correction-resultant signal to 
s the optical modulator driver 52. On the other hand, the 
duty-factor correction unit 82 transmits the EFM signal 
to the optical modulator driver 52 without correcting the 
EFM signal when the gate signal is "L p ; that is, when the 
present sub-code frame is odd-numbered. The output 

10 signal of the duty-factor correction unit 82 constitutes a 
record signal synchronized with the sub-code frame. The 
duty-factor correction unit 82 feeds the record signal to 
the optical modulator driver 52. The optical modulator 
driver 52 generates a drive signal for the optical modu- 

*5 lator 54 in response to the record signal. The optical 
modulator driver 52 outputs the drive signal to the optical 
modulator 54. 

The laser oscillator 68 continuously applies a laser 
light beam La to the optical modulator 54. The laser light 

20 beam La passes through the optical modulator 54 while 
being intensity-modulated thereby in response to the 
drive signal fed from the optical modulator driver 52. 
Thus, the optical modulator 54 converts the laser light 
beam La into a second laser light beam (a modulatton-re- 

25 sultant laser light beam) Ld. The second laser light beam 
Ld is propagated from the optical modulator 54 to the 
objective lens 70. The second laser light beam Ld passes 
through the objective lens 70 before being focused there- 
by into a spot on the master disc 72. The beam spot 

30 forms pits in the master disc 72 while the master disc 72 
is rotated by a suitable drive device (not shown). As a 
result of the operatbn of the duty-factor correction unit 
82. unusual pits are formed along a track segment cor- 
responding to every even-numbered frame as shown in 

35 Figs. 17(A) and 17(D). On the other hand, normal pits 
are formed along a track segment corresponding to eve- 
ry odd-numbered frame as shown in Figs. 17(A) and 17 
(D). 

As shown in Figs. 17(A) and 17(E), the slicing level 
40 of the RF signal reproduced from such an optical disc 
varies in synchronism with the sub-code frame. The RF 
symmetry variation detecting circuit 80 in the reproduc- 
tion device of Fig. 13 converts the slicing level signal of 
Fig. 17(E) into a detection signal (a symmetry variation 
45 signal) having a waveform such as shown in Fig. 17(F). 

Third Embodiment 

1. Optical Disc 

50 

An optical disc has a sequence of pits which extends 
along a track. Fig. 18(A) illustrates an example of a pit 
sequence having trains of unusual pits and trains of nor- 
mal pits. A normal pit is defined as having a standard 
55 radial with (a normal radial width). An unusual pit is de- 
fined as having a radial width greater or smaller than the 
standard radial width. Fig. 18(B) illustrates the waveform 
of a signal reproduced from the pit sequence of Fig. 18 
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(A). The level of the reproduced signal varies as a func- 
tion of a reflectance of the optical disc. In Fig. 18(B), an 
upper part of the waveform corresponds to a greater re- 
flectance of the optical disc while a lower part thereof 
corresponds to a smaller reflectance of the optical disc. £ 

The radia! width of each unusual pit in the former 
unusual pit train in Fig. 18(A) is greater than that of each 
normal pit by twice a value "a*. As shown in Fig. 1 8(B), 
the amplitude of the reproduced signal corresponding to 
the former unusual pit train is relatively large while the 
reflectance of the optical disc is relatively low. The radial 
width of each unusual pit in the latter unusual pit train in 
Fig. 18(A) is smaller than that of each normal pit by twice 
a value B b n . As shown in Fig. 18(B), the amplitude of the 
reproduced signal corresponding to the latter unusual pit 
train is relatively small while the reflectance of the optical 
disc is relatively high. 

Generally unusual pit trains and normal pit trains are 
alternately arranged in a, given zone of the optical disc 
so that the reflectance-related component of a repro- 
duced signal will periodically change during the repro- 
duction of information from the given zone. 

2. Reproduction Device 

Fig. 1 9 shows a reproduction device which is similar 
to the reproduction device of Fig. 4 except that a VAL 
(variation-in-amount-of-light) detecting circuit 90 replac- 
es the burst tracking error detection circuit 42 (see Fig. 
4). The VAL detecting circuit 90 is connected between a 
servo processing circuit 36 and a microcomputer 40. The 
VAL detecting circuit 90 receives light amount signals 
from the servo processing circuit 36, and detects a var- 
iation in a light amount in response to the light amount 
signals. The VAL detecting circuit 90 feeds the micro- 
computer 40 with a detection signal or a VAL signal rep- 
resenting a result of the detection. 

As shown in Fig. 20, the VAL detecting circuit 90 in- 
cludes an adder 90A, a comparator 90B, and a reference 
output circuit 90 C. The adder 90 A receives light amount 
signals from photodetectors E and F in an optical pickup 
head 32 (see Fig. 1 9) via the servo processing circuit 36 
(see Fig. 1 9). The photodetectors E and F are located to 
sense reflected light beams corresponding to side beam 
spots (sub beam spots) on the optical disc. The output 
terminal of the adder 90A is connected to a first input 
terminal of the comparator 90B. The output terminal of 
the reference output circuit 90C is connected to a second 
input terminal of the comparator 90B. The output termi- 
nal of the comparator 90B is connected to the microcom- 
puter 40 (see Fig. 19). 

The adder 90A combines or adds the light amount 
signals into a composite light amount signal correspond- 
ing to "E+F\ The adder 90A outputs the composite light 
amount signal to the comparator 90B. The adder 90A 
may be connected to photodetectors A, B, C, and D com- 
posing a 4-segment sensor for detecting a reflected light 
beam related to a main beam spot on the optical disc. In 



this case, the output signal of the adder 90 A corresponds 
to "A+B+C+D". 

The comparator 90B receives the output signal of 
the reference output circuit 90C which represents a pre- 
determined reference level VT The comparator 90B 
compares the composite light amount signal with the ref- 
erence level VT, generating and outputttng a VAL signal. 
The VAL signal is "H" when the level of the composite 
light amount signal exceeds to the reference level VT. 
Otherwise, the VAL signal is m L m . The comparator 90B 
outputs the VAL signal to the microcomputer 40. 

The microcomputer 40 responds to the VAL signal 
instead of the burst tracking error signal. At the timing 
QC in Fig. 7(E) which follows the timing QB by the given 
interval, the microcomputer 40 reads or samples the VAL 
signal. The step S8 in Fig, 8 is modified to read the VAL 
signal. Furthermore, the steps S10 and SI 2 in Fig. 8 are 
modified to decide whether or not a light amount variation 
is present by referring to the VAL signal. 

3. Recording Device 

With reference to Fig. 21 , a recording device (a mas- 
tering machine) includes an EFM encoder 50 which is 
followed by a first optical modulator driver 92 and a 
sub-code reader 56. The first optical modulator driver 92 
is electrically connected to a first optical modulator 94. 
The sub-code reader 56 is connected to a CPU 58 and 
a gate signal generator 60. The CPU 58 is connected to 
the gate signal generator 60. The gate signal generator 
60 is followed by a second optical modulator driver 96. 
The second optical modulator driver 96 is electrically 
connected to a second optical modulator 98. 

The recording device of Fig. 21 includes a laser os- 
cillator 68 which is successively followed by the first op- 
tical modulator 94, the second optical modulator 98. and 
an objective lens 70. A master disc 72 is set in a place 
exposed to a light beam outputted from the objective lens 
70. 

Digital data representing, for example, software for 
a television game or a computer game, is inputted into 
the EFM encoder 50, being encoded thereby into an 
EFM signal. The EFM encoder 50 outputs the EFM sig- 
nal to the first optical modulator driver 92 and the 
sub-code reader 56. The first optical modulator driver 92 
generates a drive signal for the first optical modulator 94 
in response to the EFM signal. The first optical modulator 
driver 92 outputs the drive signal to the first optical mod- 
ulator 94. 

The sub-code reader 56 extracts a sub-code signal 
from the EFM signal. The sub-code reader 56 outputs 
the sub-code signal to the CPU 58 and the gate signal 
generator 60. The CPU 58 continuously monitors ad- 
dress information in the sub-code signal. The CPU 58 
outputs a control signal pulse to the gate signal generator 
60 when a current address represented by the address 
information moves into agreement with a predetermined 
address at which a copy protection code (a VAL signal) 
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should be recorded. The output signal of the CPU 58 has 
a waveform such as shown in Fig. 22(B). 

The gate signal generator 60 produces a gate signal 
in response to the sub-code signal and the control signal 
pulse. The produced gate signal is synchronized with a 
sub-code frame. The produced gate signal has a wave- 
form such as shown in Fig. 22(C). The gate signal cor- 
responds to a copy protection code. As shown in Figs. 
22(A) and 22(C), the gate signal is of a logic value of "H" 
during every even-numbered sub-code frame. The gate 
signal is of a logic value of n L w during every odd-num- 
bered sub-code frame. It should be noted that the gate 
signal may be of a logic value of "H" and a logic value of 
V during every odd-numbered sub-code frame and 
every even-numbered sub-code frame respectively. The 
gate signal generator 60 outputs the gate signal to the 
second optical modulator driver 96. 

The second optical modulator driver 96 generates a 
drive signal for the second optical modulator 98 in re- 
sponse to the gate signal. The second optical modulator 
driver 96 outputs the drive signal to the second optical 
modulator 98. 

The laser oscillator 68 continuously applies a laser 
light beam La to the first optical modulator 94. The laser 
light beam La passes through the first optical modulator 
94 while being intensity-modulated thereby in response 
to the drive signal fed from the first optical modulator driv- 
er 92. Thus, the first optical modulator 94 converts the 
laser light beam La into a second laser light beam (a 
modulation-resultant laser light beam) Le The second 
laser light beam Le is propagated from the first optical 
modulator 94 to the second optical modulator 98. The 
second laser light beam Le passes through the second 
optical modulator 98 while being modulated thereby in 
response to the drive signal fed from the second optical 
modulator driver 96. Thus, the second optical modulator 
98 converts the second laser light beam Le into a third 
laser light beam (a modulation -resultant laser light 
beam) Lf . The light beam modulation by the second op- 
tical modulator 98 is designed to change a radial dimen- 
sion (a redial width) of a beam spot on the master disc 72. 

The third laser light beam Lf is propagated from the 
second optical modulator 98 to the objective lens 70. The 
third laser light beam Lf passes through the objective 
lens 70 before being focused thereby into a spot on the 
master disc 72. The beam spot forms pits in the master 
disc 72 while the master disc 72 is rotated by a suitable 
drive device (not shown). As a result of the operation of 
the second optical modulator 98, unusual pits are formed 
along a track segment corresponding to every 
even-numbered frame as shown in Figs. 22(A) and 22 
(D). On the other hand, normal pits are formed along a 
track segment corresponding to every odd-numbered 
frame as shown in Figs. 22(A) and 22(D). 

As shown in Figs. 22(A) and 22(E), the envelope or 
the level of the composite light amount signal outputted 
from the adder 90A in the VAL detecting circuit 90 (see 
Fig. 1 9) varies in synchronism with the sub-code frame. 



The VAL detecting circuit 90 converts the composite light 
amount signal of Fig. 22(E) into a detection signal (a VAL 
signal) having a waveform such as shown in Fig. 22(F). 

5 Fourth Embodiment 

1 . Optical Disc 

As shown in Fig. 23(A), an optical disc has a se- 
fo quence or an arrangement of pits which extends along 
a track. The pit arrangement of Fig. 23(A) includes a nor- 
mal pit train and an unusual pit train at a left-hand side 
and a right-hand side of the drawing respectively. The 
normal pit train consists of normal pits. The unusual pit 
15 train consists of normal pits and unusual pits. The central 
line of each normal pit which extends along the related 
track agrees with the central line of the track in conformity 
with the ordinary standards. In addition, each normal pit 
is symmetrical with respect to the central line thereof 
(that is, the central line of the track). On the other hand, 
the central line of each unusual pit which extends along 
the related track is inwardly or outwardly (radially) offset 
from the central line of the track. Specifically, in Fig. 23 
(A), the portion of each unusual pit which extends below 
the track central line is greater in radial width and area 
than the remaining portion thereof (the portion extending 
above the track central line). When the pit arrangement 
of Fig. 23(A) is scanned along the track, a resultant track- 
ing error signal TE has a waveform shown in Fig. 23(B). 

An optical pickup head applies three light beam 
spots to the optical disc. The three light beam spots in- 
clude a main beam spot BS2 and side beam spots BS1 
and BS3 (see Fig. 23(A)). The side beam spots BS1 and 
BS3 are radially offset from the main beam spot BS2 in 
opposite directions respectively. The tracking error sig- 
nal TE is generated on the basis of the difference be- 
tween the amounts of reflected light which relate to the 
side beam spots BS1 and BS3 respectively. 

During the scanning of a normal pit train (see the 
left-hand region of Fig. 23(A)) by the beam spots BS1 , 
BS2, and BS3, the amounts of reflected light related to 
the side beam spots BS1 and BS3 are substantially 
equal to each other since each normal pit is symmetrical 
with respect to the track central line. Therefore, in this 
case, the level of the resultant tracking error signal TE is 
substantially null (that is, "0"). 

During the scanning of an unusual pit train (see the 
right-hand region of Fig. 23(A)) by the beam spots BS1 ', 
BS2\ and BS3\ unusual pits periodically cause remark- 
able differences between the amounts of reflected light 
related to the side beam spots BS1' and BS3' since the 
unusual pits are not symmetrical with respect to the track 
central line. Therefore, in this case, the level of the re- 
sultant tracking error signal TE periodically increases 
from the null level in a burst manner. 

Such an unusual pit train causing a burst-shaped 
tracking error signal TE is periodically and intermittently 
recorded on a predetermined track or tracks on a legiti- 
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mate optical disc in data-block units. During the repro- 
duction of information from such a track region of an op- 
tical disc, if a burst signal is generated in synchronism 
with every data block, the optical disc can be judged to 
be legitimate. If not, the optical disc can be judged to be 5 
illegal. 

Fig. 24(D) shows an example of a sequence of pits 
which includes normal pit trains and unusual pit trains. 
The arrangement of the unusual pit trains is in logic units 
of a related track. For example, the arrangement of the 
unusual pit trains has a given relation with frames of the 
track (see Fig. 24(A)). Specifically, the unusual pit trains 
are in even-numbered frames respectively while the nor- 
mal pit trains occupy odd -numbered frames respectively. 
During the reproduction of information from the optical 
disc, a resultant tracking error signal TE has a waveform 
of Fig. 24(E). As shown in Fig. 24(E), a burst signal is 
periodically caused in the tracking error signal TE by 
each of the unusual pit trains (see Fig. 24(D)). 

2. Reproduction Device 

A reproduction device in this embodiment is similar 
to the reproduction device of Fig. 4. Accordingly, a de- 
scription thereof will be omitted. 

3. Recording Device 

With reference to Fig. 26, a recording device (a mas- 
tering machine) includes an EFM encoder 50 which is 
followed by a first optical modulator driver 92, a sub-code 
reader 56, an unusual pit signal generator 100. The first 
optical modulator driver 92 is electrically connected to a 
first optical modulator 94. The sub-code reader 56 is con- 
nected to a CPU 58 and a gate signal generator 60. The 
CPU 58 is connected to the gate signal generator 60. 
The gate signal generator 60 is connected to the unusual 
pit signal generator 1 00. The unusual pit signal generator 
100 is followed by a second optical modulator driver 96. 
The second optical modulator driver 96 is electrically 
connected to a second optical modulator 98. 

The recording device of Fig. 26 includes a laser os- 
cillator 68 which is followed by a beam splitter 102. The 
beam splitter 102 is lollowed by the first and second op- 
tical modulators 94 and 98 placed in parallel with each 
other. The output sides of the first and second optical 
modulators 94 and 98 are optically connected to a beam 
combining unit 1 04 including a polarization beam splitter. 
The beam combining unit 104 is followed by an objective 
lens 70. A master disc 72 is set in a place exposed to a 
light beam outputted from the objective lens 70. 

Digital data representing, for example, software for 
a television game or a computer game, is inputted into 
the EFM encoder 50, being encoded thereby into an 
EFM signal. The EFM encoder 50 outputs the EFM sig- 
nal to the first optical modulator driver 92, the sub-code 
reader 56, and the unusual pit signal generator 100. The 
first optical modulator driver 92 generates a drive signal 



for the first optical modulator 94 in response to the EFM 
signal. The first optical modulator driver 92 outputs the 
drive signal to the first optical modulator 94. 

The sub-code reader 56 extracts a sub-code signal 
from the EFM signal. The sub-code reader 56 outputs 
the sub-code signal to the CPU 58 and the gate signal 
generator 60. The CPU 58 continuously monitors ad- 
dress information in the sub-code signal. The CPU 58 
outputs a control signal pulse to the gate signal generator 
60 when a current address represented by the address 
information moves into agreement with a predetermined 
address at which a copy protection code (a burst signal) 
should be recorded. The output signal of the CPU 58 has 
a waveform such as shown in Fig. 24(B). 

The gate signal generator 60 produces a gate signal 
in response to the sub-code signal and the control signal 
pulse. The produced gate signal is synchronized with a 
sub-code frame. The produced gate signal has a wave- 
form such as shown in Fig. 24(C). The gate signal cor- 
responds to a copy protection code. As shown in Figs. 
24(A) and 24(C), the gate signal is of a logic value of "H" 
during every even-numbered sub-code frame. The gate 
signal is of a logic value of "L° during every odd-num- 
bered sub-code frame. It should be noted that the gate 
signal may be of a logic value of B hT and a logic value of 
"L" during every odd-numbered sub-code frame and 
every even -numbered sub-code frame respectively. The 
gate signal generator 60 outputs the gate signal to the 
unusual pit signal generator 100. 

Fig. 25(B) illustrates an example of the waveform of 
the EFM signal. While the gate signal remains TP (that 
is, during an even-numbered frame), the unusual pit sig- 
nal generator 1 00 selects pulses from among pulses of 
the EFM signal (see Fig. 25(B)) and transmits only the 
selected pulses to the second optical modulator driver 
96. Thus, the output signal of the unusual pit signal gen- 
erator 100 which constitutes an unusual pit signal has a 
waveform such as shown in Fig. 25(C). As will be made 
clear later, the selected pulses cause unusual pits. While 
the gate signal remains °L" (that is, during an odd-num- 
bered frame), the unusual pit signal generator 100 con- 
tinues to inhibit the transmission of the EFM signal to the 
second optical modulator driver 96. The second optical 
modulator driver 96 generates a drive signal for the sec- 
ond optical modulator 98 in response to the unusual pit 
signal. The second optical modulator driver 96 outputs 
the drive signal to the second optical modulator 98. 

The laser oscillator 68 continuously applies a laser 
light beam La to the beam splitter 102. The laser light 
beam La is divided by the beam splitter 102 into a laser 
light beam Lg and a laser light beam Lh propagated to 
the first optical modulator 94 and the second optical mod- 
ulator 98 respectively. The laser light beam Lg passes 
through the first optical modulator 94 while being inten- 
sity-modulated thereby in response to the drive signal 
fed from the first optical modulator driver 92. The modu- 
lation of the laser light beam Lg depends on the EFM 
signal (see Fig. 25(B)). Thus, the first optical modulator 
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94 converts the laser light beam Lg into another laser 
light beam (a modulation-resultant laser light beam) Li. 
The laser light beam Li is propagated from the first optical 
modulator 94 to the beam combining unit 104. The laser 
light beam Lh passes through the second optical modu- 
lator 98 while being intensity-modulated thereby in re- 
sponse to the drive signal fed from the second optical 
modulator driver 96. The modulation of the laser light 
beam Lh depends on the unusual pit signal (see Fig. 25 
(C)). Thus, the second optical modulator 98 converts the 
laser light beam Lh into another laser light beam (a mod- 
ulation-resultant laser light beam) Lj. The laser light 
beam Lj is propagated from the second optical modulator 
98 to the beam combining unit 104. 

The laser light beam Li and the laser light beam Lj 
are added and combined by the beam combining unit 
104, and then travel to the objective lens 70. The laser 
light beams Li and Lj pass through the objective lens 70 
before being focused thereby into spots on the master 
disc 72. The beam spots form pits in the master disc 72 
while the master disc 72 is rotated by a suitable drive 
device (not shown). As shown in Fig. 25(A), the beam 
spots caused by the laser light beams Li and Lj are offset 
from each other by an optical adjustment. The center of 
the beam spot caused by the laser light beam Li is on a 
track central line. Each of normal pits (for example, a pit 
PA in Fig. 25(A)) is formed by the laser light beam Li only. 
On the other hand, each of unusual pits (for example, a 
pit PB in Fig. 25(A)) is formed by a resultant of the laser 
light beams Li and Lj. 

As shown in Figs. 24(A) and 24(E), the tracking error 
signal TE which occurs during the reproduction of infor- 
mation from such an optical disc exhibits a burst-shaped 
variation synchronized with the sub-code frame. The re- 
production device converts the tracking error signal TE 
of Fig. 24(E) into a detection signal having a waveform 
such as shown in Fig. 24(F). 

Fifth Embodiment 

1 . Optical Disc 

As shown in Fig. 27(A), an optical disc has a se- 
quence or an arrangement of pits which extends along 
a track partially exhibiting a radial wobble. In other words, 
the optical disc has normal pits as well as wobbling pits. 
The pit arrangement of Fig. 27(A) includes a normal pit 
train and an irregular pit train (a wobbling pit train or an 
unusual pit train) at a left-hand side and a right-hand side 
of the drawing respectively. The normal pit train consists 
of normal pits. The irregular pit train consists of wobbling 
pits (unusual pits). The central line of each normal pit 
which extends along the related track agrees with the 
central line of the track in conformity with the ordinary 
standards. On the other hand, the unusual pits wobble 
around the track central line although the unusual pits 
are similar in shape to the normal pits. When the pit ar- 
rangement of Fig. 27(A) is scanned along the track, a 
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resultant tracking error signal TE has a waveform shown 
in Fig. 27(B). 

An optical pickup head applies three light beam 
spots to the optical disc. The three light beam spots in- 
5 elude a main beam spot BS2 and side beam spots BS1 
and BS3 (see Fig. 27(A)). The side beam spots BS1 and 
BS3 are radially offset from the main beam spot BS2 in 
opposite directions respectively. The tracking error sig- 
nal TE is generated on the basis of the difference be- 

10 tween the amounts of reflected light which relate to the 
side beam spots BS1 and BS3 respectively. 

During the scanning of a normal pit train (see the 
left-hand region of Fig. 27(A)) by the beam spots BS1 , 
BS2, and BS3, the amounts of reflected light related to 

15 the side beam spots BS1 and BS3 are substantially 
equal to each other. Therefore, in this case, the level of 
the resultant tracking error signal TE is substantially null 
(that is, "O") as shown in a left hand region of Fig. 27(B). 
During the scanning of an irregular pit train (see the 

20 right-hand region of Fig. 27(A)) by the beam spots BS1 ', 
BS2\ and BS3", unusual pits cause a periodically-chang- 
ing difference between the amounts of reflected light re- 
lated to the side beam spots BS1 * and BS3' since the 
unusual pits wobble around the track central line. There- 

25 fore, in this case : the level of the resultant tracking error 
signal TE periodically changes in a burst manner as 
shown in a right-hand region of Fig. 27(B). 

Such an irregular pit train causing a burst-shaped 
tracking error signal TE is periodically and intermittently 

30 recorded on a predetermined track or tracks on a legiti- 
mate optical disc in data-block units. During the repro- 
duction of information from such a track region of an op- 
tical disc, if a burst signal is generated in synchronism 
with every data block, the optical disc can be judged to 

35 be legitimate. If not, the optical disc can be judged to be 
illegal. 

Fig. 28(D) shows an example of a sequence of pits 
which includes normal pit trains and irregular pit trains 
(unusual pit trains or wobbling pit trains). The arrange- 

40 ment of the irregular pit trains is in logic units of a related 
track. For example, the arrangement of the irregular pit 
trains has a given relation with frames of the track (see 
Fig. 28(A)). Specifically, the irregular pit trains are in 
even-numbered frames respectively while the normal pit 

45 trains occupy odd-numbered frames respectively. Dur- 
ing the reproduction of information from the optical disc, 
a resultant tracking error signal TE has a waveform of 
Fig. 28(E). As shown in Fig. 28(E), a burst signal is pe- 
riodically caused in the tracking error signal TE by each 

so of the irregular pit trains (see Fig. 28(D)). 

2. Reproduction Device 

A reproduction device in this embodiment is similar 
55 to the reproduction device of Fig. 4. Accordingly, a de- 
scription thereof will be omitted. 
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3. Recording Device 

With reference to Fig. 29, a recording device (a mas- 
tering machine) includes an EFM encoder 50 which is 
followed by an optical modulator driver 52, a sub-code $ 
reader 56, and a wobbling signal generator 110. The op- 
tical modulator driver 52 is electrically connected to an 
optical modulator 54. The sub-code reader 56 is con- 
nected to a CPU 58 and a gate signal generator 60. The 
CPU 58 is connected to the gate signal generator 60. 
The gate signal generator 60 is connected to the wob- 
bling signal generator 110. The wobbling signal genera- 
tor 110 is followed by an optical deflector driver 64. The 
optical deflector driver 64 is electrically connected to an 
optical deflector 66. 

The recording device of Fig. 29 includes a laser os- 
cillator 68 which is successively followed by the optical 
modulator 54, the optical deflector 66, and an objective 
lens 70. A master disc 72 is set in a place exposed to a 
light beam outputted from the objective lens 70. 

Digital data representing, for example, software for 
a television game or a computer game, is inputted into 
the EFM encoder 50, being encoded thereby into an 
EFM signal. The EFM encoder 50 outputs the EFM sig- 
nal to the optical modulator driver 52, the sub-code read- 
er 56, and the wobbling signal generator 1 1 0. The optical 
modulator driver 52 generates a drive signal for the op- 
tical modulator 54 in response to the EFM signal. The 
optical modulator driver 52 outputs the drive signal to the 
optical modulator 54. 

The sub-code reader 56 extracts a sub-code signal 
from the EFM signal. The sub-code reader 56 outputs 
the sub-code signal to the CPU 58 and the gate signal 
generator 60. The CPU 58 continuously monitors ad- 
dress information in the sub-code signal. The CPU 58 
outputs a control signal pulse to the gate signal generator 
60 when a current address represented by the address 
information moves into agreement with a predetermined 
address at which a copy protection code (a wobbling sig- 
nal) should be recorded. The output signal of the CPU 
58 has a waveform such as shown in Fig. 28(B). 

The gate signal generator 60 produces a gate signal 
in response to the sub-code signal and the control signal 
pulse. The produced gate signal is synchronized with a 
sub-code frame. The produced gate signal has a wave- 
form such as shown in Fig. 28(C). The gate signal cor- 
responds to a copy protection code. As shown in Figs. 
28(A) and 28(C), the gate signal is of a logic value of "IT 
during every even-numbered sub-code frame. The gate 
signal is of a logic value of "L" during every odd-num- 
bered sub-code frame. It should be noted that the gate 
signal may be of a logic value of "IT and a logic value of 
B L" during every odd-numbered sub-code frame and 
every even-numbered sub-code frame respectively. The 
gate signal generator 60 outputs the gate signal to the 
wobbling signal generator 110. 

The wobbling signal generator 1 10 is activated and 
deactivated when the gate signal assumes "IT and n L° 



respectively. While the gate signal remains "IT (that is, 
during an even-numbered frame), the wobbling signal 
generator 110 produces a binary wobbling signal in re- 
sponse to the EFM signal. As shown in Fig. 27(C), the 
wobbling signal has a rectangular waveform correspond- 
ing to the EFM signal. The wobbling signal generator 110 
outputs the wobbling signal to the optical deflector driver 
64. While the gate signal remains n L B (that is, during an 
odd-numbered frame), the wobbling signal generator 
1 1 0 remains inactive and continues to output a null signal 
rather than a wobbling signal. The null signal is fed to the 
optical deflector driver 64. The optical deflector driver 64 
generates a drive signal for the optical deflector 66 in 
response to the output signal of the wobbling signal gen- 
erator 110 which includes the wobbling signal. The opti- 
cal deflector driver 64 outputs the drive signal to the op- 
tical deflector 66. 

The laser oscillator 68 continuously applies a laser 
light beam La to the optical modulator 54. The laser light 
beam La passes through the optical modulator 54 while 
being intensity-modulated thereby in response to the 
drive signal fed from the optical modulator driver 52. 
Thus, the optical modulator 54 converts the laser light 
beam La into a second laser light beam (a modulation -re- 
sultant laser light beam) Lb. The second laser light beam 
Lb is propagated from the optical modulator 54 to the 
optical deflector. 66. The second laser light beam Lb 
passes through the optical deflector 66 while being de- 
flected thereby in response to the drive signal fed from 
the optical deflector driver 64. Thus, the optical deflector 
66 converts the second laser light beam Lb into a third 
laser light beam (a deflect ion -resultant laser light beam) 
Lc. 

The third laser light beam Lc is propagated from the 
optical deflector 66 to the objective lens 70. The third la- 
ser light beam Lc passes through the objective lens 70 
before being focused thereby into a spot on the master 
disc 72. The beam spot forms pits in the master disc 72 
while the master disc 72 is rotated by a suitable drive 
device (not shown). The optical deflector 66 causes the 
position of the beam spot on the master disc 72 to be 
radially deviated from a virtual central line of a related 
track in response to the drive signal fed from the optical 
deflector driver 64. Since the drive signal fed to the op- 
tical deflector 66 depends on the wobbling signal, the po- 
sition of the beam spot on the master disc 72 is radially 
deviated from the virtual central line of the related track. 
As a result, wobbling pits are formed in the master disc 
72 as shown in Fig. 27(A). 

As shown in Figs. 28(A) and 28(E), the tracking error 
signal TE which occurs during the reproduction of infor- 
mation from such an optical disc exhibits a burst-shaped 
variation synchronized with the sub-code frame. The re- 
production device converts the tracking error signal TE 
of Fig. 28(E) into a detection signal having a waveform 
such as shown in Fig. 28(F). 
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Other Embodiments 

In a first modification of one of the first, second, third, 
fourth, and fifth embodiments, a predetermined location 
of an optical disc preliminarily stores information repre- 
senting an address at which an irregular pit train or an 
unusual pit train is formed. When the optical disc is set 
in a reproduction device, the reproduction device first ac- 
cesses the predetermined location of the optical disc and 
reads out information therefrom. According to the first 
modification, the address, at which the irregular pit train 
or the unusual pit train is formed, can be changed de- 
pending on the type of an optical disc. Thus, the analysis 
of copy protection in an optical disc is made more diffi- 
cult, and illegally copying can be prevented effectively. 

A second modification of one of the first and second 
embodiments is designed so that irregular pit trains of 
the first embodiment and un usual pit trains of the second 
embodiment coexist in a single optical disc. The second 
modification enhances the reliability of detection of an 
illegal copy disc. 

According to a third modification of one of the first, 
second, third, fourth : and fifth embodiments, a process 
of checking whether an optical disc is legitimate or illegal 
is started in response to an instruction of the playback of 
the optical disc. 

In a fourth modification of one of the first, second, 
third, fourth, and fifth embodiments, as shown in Figs. 
30(A) and 30(C), the positions of irregular pit trains or 
unusual pit trains (denoted by hatched regions in Fig. 30 
(C)) correspond to odd-numbered frames respectively 
while normal pit trains occupy even-numbered frames 
respectively. It should be noted that, as shown in Figs. 
30(A) and 30(B), the positions of irregular pit trains or 
unusual pit trains (denoted by hatched regions in Fig. 30 
(B)) correspond to even-numbered frames respectively 
in the first, second, third, fourth, and fifth embodiments. 

In a fifth modification of one of the first, second, third, 
fourth, and fifth embodiments, as shown in Figs. 30(A) 
and 30(D), every third frame corresponds to an irregular 
pit train or an unusual pit train (denoted by hatched re- 
gions in Fig. 30(D)) while other frames correspond to nor- 
mal pit trains. 

In a sixth modification of one of the first, second, 
third, fourth, and fifth embodiments, as shown in Figs. 
30(A) and 30(E), at least two successive frames are oc- 
cupied by irregular pit trains or unusual pit trains (denot- 
ed by hatched regions in Fig. 30(E)) In general, such a 
set of irregular pit trains or unusual pit trains is periodi- 
cally provided at intervals of a given number of frames. 

In a seventh modification of one of the first, second, 
third, fourth, and fifth embodiments, as shown in Figs. 
30(A) and 30(F), at least two irregular pit trains or unu- 
sual pit trains (denoted by hatched regions in Fig. 30(F)) 
are formed in a frame which periodically occurs at given 
intervals. 

In an eighth modification of one of the first, second, 
third, fourth, and fifth embodiments, as shown in Figs. 



30(A) and 30(G), an irregular pit train or an unusual pit 
train (denoted by a hatched region in Fig. 30(G)) occu- 
pies a later part of one frame. 

In a ninth modification of one of the first, second, 

5 third, fourth, and fifth embodiments, as shown in Figs. 
30(H) and 30(l), every even-numbered frame is divided 
into four segments in time domain. Words of a given 4-bit 
code are assigned to even-numbered frames respective- 
ly. In addition, the four segments of every even-num- 

10 bered frame are sequentially assigned to the 4 bits of a 
related code word respectively. In every even-numbered 
frame, a segment or segments corresponding to an "H" 
bit or "FT bits of a related code word are occupied by 
irregular pit trains (or unusual pit trains) while a segment 

is or segments corresponding to an M L" bit or "L" bits of the 
related code word are occupied by normal pit trains. 

According to a tenth modification of one of the first, 
second, third, fourth, and fifth embodiments, as shown 
in Figs. 30(A) and30(J), a delay of the start of an irregular 

20 pjt train or an unusual pit train from the start of a frame 
increases stepwise and periodically returns as a1, a2, 
a3, a4, a5, and a1 in accordance with the updating of the 
frame. 

According to an eleventh modification of one of the 
25 first, second, third, fourth, and fifth embodiments, irreg- 
ular pit trains or unusual pit trains are provided in da- 
ta-block units different from frame units. 



30 Claims 

1. An optical disc having a sequence of pits which 
extends along a track, the pit sequence representing 
a recorded signal divided into data blocks, the pit 

35 sequence including a normal pit train and an unusual 
pit train, the normal pit train being symmetrical with 
respect to a center of the track, the unusual pit train 
being different from the normal pit train in at least 
one of shape and pit arrangement, the unusual pit 

40 train being at a position having a pre-determined 
relation with the data blocks. 

2. The optical disc of claim 1 , wherein the unusual pit 
train represents a wobbling signal superimposed on 

45 a tracking error signal. 

3. The optical disc of claim 1 , wherein the unusual pit 
train causes a variation in symmetry of an RF signal. 

50 4. The optical disc of claim 1 , wherein the unusual pit 
train causes a variation in a signal representing a 
light amount. 

5. The optical disc of claim 1 , wherein the wobbling sig- 
5£ nal represented by the unusual pit train is in a burst. 

6. An optical disc having a sequence of pits which 
extends along a track, the pit sequence representing 
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a recorded signal divided into data blocks, the pit 
sequence including normal pit trains and unusual pit 
trains, the normal pit trains being symmetrical with 
respect to a center of the track, the unusual pit trains 
being different from the normal pit trains in at least 
one of shape and pit arrangement, the unusual pit 
trains being at positions having a p re-determined 
relation with the data blocks, the unusual pit trains 
being spaced at intervals. 



10 



A device for checking an optical disc, comprising: 

first means for reproducing a signal from the 
optical disc; 

second means connected to the first means for 
detecting whether or not an unusual pit train is is 
present in the optical disc by referring to the signal 
reproduced by the first means, the unusual pit train 
being different from a normal pit train in at least one 
shape and pit arrangement, the normal pit train 
being symmetrical with respect to a track center; and 2° 

third means connected to the second means 
for judging whether the optical disc is legitimate or 
illegal in response to the result of the detecting by 
the second means. 

25 

A device for recording information on an optical disc, 
comprising: 

first means for emitting a first laser light beam; 

second means for generating a gate signal 
synchronized with data block units of an information 30 
signal; 

third means connected to the first means and 
the second means for converting a first laser light 
beam into a second laser light beam in response to 
the information signal and the gate signal; and 35 

fourth means connected to the third means for 
providing a sequence of pits in the optical disc in 
response to the second laser light beam; 

wherein the third means comprises means for 
modulating the intensity of the first laser beam in *o 
response to the information signal, and means for 
changing the first laser light beam in response to the 
gate signal to cause the fourth means to provide an 
unusual pit train in the optical disc, the unusual bit 
train being different from a normal pit train in at least 45 
one of shape and pit arrangement, the normal pit 
train being symmetrical with respect to a track 
center. 
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